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Electron Capture Properties of Halogenated
Amine Derivatives
by Donald D. Clarke*, Sherwin Wilk*,** and Stanley E. Gitlow**

Introduction
The use of gas-liquid chromatography (G.L.C. ) for the analysis of
amines of biological interest is currently under investigation in our
laboratory. An intensive study of
the chromatographic properties of
a number of derivatives was presented by VandenHeuvel et al. (1),
and this laboratory in a short communication reported on the possible
use of heptafluorobutyrylated amine
derivatives (2) . As was noted in
this early communication, sensitivity considerations must maintain
priority in any proposed assay because of the extremely small quantities of these compounds present
in biological fluids. For this reason,
we have chosen to employ the electron capture detector ( 3) .
Trifluoroacetyl derivatives are
often used in G.L.C. because of
their many desirable properties.
These compounds are readily synthesized and the v<;>la tile unreacted
trifluoroacetic anhydride is easily
removed. In addition, fully trifluoroacetylated compounds give sharp
non-tailing peaks with many liquid
phases. The presence of the electronegative fluorine atoms make the
compounds appear at first sight to
be well suited for use in conjunction with the electron-capture detector. In fact, the 0-trifluoroacetyl
derivative of vanillin has furnished
a very sensitive means to assay for
3-methoxy-4-hydroxy mandelic acid
(V.M.A.) in urine by means of
G.L.C. and electron-capture spectroscopv ( 4, 5) . The N -trifluoroacetyl derivatives of various amines
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were, therefore, subjected to study
using the electron-capture detector.
The electron capture ability and
chromatographic properties of these
compounds were evaluated and compared to the monochloroacetyI, pentafluoropropionyl, heptafluorobutyr1
and acetyl derivatives of various
amines and phenolic amines.

Experimental
Apparatus
A Packard Model 7508 Gas
Chromatograph equipped with an
electron capture detector was employed. Separations were effected
on a 6 ft. x 4 rom 0 .D. coiled glass
column packed with 6% QF-1
coated on Anakrom ABS 60/70
mesh (Analabs). The column temperature and N 2 flow rate were varied to yield retention times in most
cases of less than five minutes, and
these Rt's are given in the tables.
The inlet, outlet and detector temperatures were in all cases 20°
higher than the column temperature used. In an attempt to duplicate the working conditions of an
assay procedure, sensitivity studies
were performed at a conservative
meter range setting of 1 x 10-9 amps
with the high voltage adjusted to
50 volts. By varying the current
and voltage on the detector it is of
course possible to increase the response to these compounds. However, background noise will also increase, and possible departures
from linearity may also result. In
all cases 3 p.l of sample was applied
to the column, and the chart speed
was maintained at five minutes/
inch. All samples were diluted with
redistilled ethyl acetate prior to injection, and weighings were performed on a Mettler micro-gram
balance.
Reagents
Trifluoroacetic anhydride and
monochloroacetic anhydride were
obtained from Eastman Organic

Chemicals. Heptafluorobutyric anhydride and pentafluoropropionic
anhydride were obtained from
Chemicals Procurement Laboratories, Inc., College Point, New York.
Ethyl acetate was redistilled over
p :!0 !).
Analysis
Halogen analysis was performed
by Schwartzkopf Microanalytical
Laboratories, Woodside, New York
and by Weiler and Strauss of Oxford, England. The derivatives were
examined by Proton Magnetic Resonance (Varian Associates A-60)
and found to give spectra consistent
with structures postulated.
Preparation of Derivatives
A. N-trifluoroacetylated amines:
To one gram of amine in a 100 ml
beaker, 3 ml of trifluoroacetic anhydride was added. The mixture was
stirred vigorously until the amine
had dissolved, and warmed gently
if necessary to accomplish solution.
When the initial reaction had subsided, 20 ml H 2 0 was added with
stirring. If the amide did not crystallize immediately, the solution
was carefully neutralized with 10%
NaOH and refrigerated until crystallization was complete. The derivatives were recrystallized from
an ethanol-H 2 0 mixture.
B. Fully trifluoroacetylated phenolic amines: Into a small screw
cap vial was placed 1 mg of phenolic
amine, 1 ml redistilled ethy1 acetate,
and 0.5 m1 trifluoroacetic anhydride.
The vial was covered with aluminum foil, capped tightly and allowed to stand in a water bath at
50°C. for one hour. After this time
the contents were taken to dryness
in a vacuum desiccator. The dried
residue was taken up in 1 ml ethyl
acetate and 0.1 ml of this solution
diluted to 10 ml with ethyl acetate
for chromatography.
C. N -trifluoroacetylated phenolic
amines : These are prepared in a
similar fashion to part A. The 0trifluoroacetyl group is sensitive to

water and hydrolyzes quite readily
(6). The N-trifluoroacetyl group is
quite stable.
D. N -acetylated, N -pentafluoropropionylated, and N-heptafluorobutyrylated amines: These are prepared in a similar fashion to part A.
Here 3 ml of anhydride was added
to 1 gm of amine.

E. N -monochloroacety la ted
amines: These are prepared in a
similar fashion to part A. If the
amine was a liquid, 3 gm of monochloroacetic anhydride was added
directly to it. If the amine was a
solid, the anhydride was first dissolved in 5 ml of tetrahydrofuran,
and the reaction mixture warmed

Table I.

Compound

M.P.
oc

Benzylamine*
73
a-Methyl Benzylamine
63-5
~- Phenylethylamine
58
Homoveratrylamine
83
Glycine ethyl ester**
46-7
N -trifluoroacetyl Tyramine
151
N, 0-ditrifluoroacety1
Tyramine***
N,O-ditrifluoroacetyl
~OH phenylethylamine
75-7
N-trifluoroacetyl
170
para-amino phenol
N -trifluoroacetyl
ortho-amino phenol
164
N-methyl phenylethylamine***

gently to bring the amine into solu..
tion.
Results
The electron-capture detector was
found to be relatively insensitive to
N -trifluoroacetylated amines (Table
I). Concentrations of 1 mg/ml were
needed to demonstrate the existence

Trifl uoroacetyl derivatives.

F Analysis
Found
Theo.
28.08
26.27
26.27
20.58
28.64
24.46

27.95
24.95
26.35
20.73
28.49
25.96

Chrom. Rt
Cond. Min.
A

Sensitivity
mrn 2 /10-9
Peak
Characteristics
moles

A

1.6
2.2
3.4
3.1
1.2
9.4

Symmetrical
Symmetrical
Symmetrical
Symmetrical
Symmetrical
Asymmetrical

A

8.8

Symmetrical

8110
5000

A
A

c

A

0.8
0.5
0.5
0.4
3
0.8

34.76

33.01

A

5.6

Symmetrical

27.80

27.86

A

6.2

Asymmetrical

10

27.80

27.99

A
B

3.1
1.3

Asymmetrical
Symmetrical

345
3

*M.P. == 73.5-75< 9 >; **M.P. = 51.5( 1 o>
***This compound was not obtained crystalline and was not analyzed.
A = 6% QF-1, 152°C, N 2 flow == 30 ml/min.
B = 6% QF-1, 155°C, N 2 flow = 80 ml/min.
C = 6% QF-1, 187°C, N 2 flow = 80 ml/min.

Table II.

M.P.
Compound

oc

Monochloroacetyl derivatives.

Cl Analysis
Theo.
Found

Chrom. R t
Cond. Min.

Benzylamine

94

19.31

18.75

B

3.0

a-Methyl Benzylamine

76

17.98

18.05

B

2.8

62-3

17.98

18.48

B

3.9

136

19.14

18.75

c

3.8

73-5

12.35

12.37

c

15.0

B

8.8

{3- Phenylethylamine
N -monochloroacetyI

meta-amino phenol
Mescaline (3,4,5 trimethoxy,
(3-phenylethyl amine)
N -methy1 phenylethyl amine*

Sensitivity
mm 2 /1Q-9
Peak
Characteristics
moles
Slightly
1\symmetrical
Slightly
Asymmetrical
Slightly
Asymmetrical
Asymmetrical
Slightly
Asymmetrical
Slightly
;\symmetrical

30
32
24
204
60
216

A = 6% QF-1, 152oC, N 2 flow :::::: 30 ml/min.
B = 6% QF-1, 155°C, N 2 flow = 80 ml/min.
C = 6% QF-1, 187°C, N 2 flow == 80 ml/min.
*Not obtained crystalline.
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of a peale The electron capturing
ability of these compounds was
found to be only several times better than the corresponding acetamides (Table IV ) . N-monochloroacetylated amines (Table II ) possess approximately a thirty fold
greater sensitivity than the trifiuoroacetylated analogues. These
derivatives also have much longer
retention times and exhibit asymmetric peaks when chromategraphed under the same conditions
as established for the trifluoroacetamides. Pentafluoropropionylated
and heptafluorobutyrylated amines
(Table III, IV ) are several hundred
times more sensitive than the trifluoroacetyl analogues, the heptafluoro compounds being about twice
as sensitive as the pentafluoro derivatives. Concentrations of 20 p.g/

ml yielded significant responses.
The retention times of the trifluoro~
pentafluoro and hepta:fluoro derivatives are quite similar. Greater sensitivity was observed in compounds
having the amino group directly attached to the benzene ring, and in
secondary amines. Compounds containing an esterified OH group
were found to be the most sensitive
of those tested toward the detector.
Thus, the fully trifluoroacetylated
(3-hydroxyphenyl ethylamine is 10,000 times more sensitive than Ntrifluoroacetyl phenyl ethyl amine!
Again, the fully trifluoroacetylated
derivative of tyramine (p-OH-(3phenyl ethyl amine ) demonstrated
a sharp symmetrical peak at an R t
of 8.8 minutes in a concentration
of 10 p.g/ml, whereas N-trifluoroacetyl tyramine at a concentration

Table II I.

Compound

M.P.
oc

Discussion

The observation that trifluoroacetylating an amino group offers
no advantage for electron capture
detection was quite surprising to us
in view of the fact that this laboratory earlier reported on the excellent sensitivity of some heptafiuorobutyrylated amines (2 ) . The lack
of sensitivity of N-trifluoroacetylated amines is not due to chemical
decomposition on the column. This
can be seen from the following observations:
1) Similar results were obtained
using 3 % QF-1, 5% XE-60, and

Heptafluorobutyryl derivatives.

F Analysis
Theo.
Found

Benzylamine
57
a-Methyl Benzylamine
62.5-63
Ifomoveratrylarnbrre
70
N -heptafiuorobutyryl
meta-amino phenol
127-9
N -heptafluorobutyryl
para-amino phenol
114
N-methyl phenylethyl amine*

of 2 mg/ml showed a small asymmetric peak at an R t of 9.4 minutes.

Chrom. R t
Cond. Min.

Sensitivity
mm2 /10- 9
Peak
Characteristics
moles

43.89
41.96
35.28

43.63
41.55
34.65

A
A

c

2.3
2.2
3.1

Symmetrical
Symmetrical
Symmetrical
Very

43.58

43.90

A

6.6

As~etrical

4185

8.8
1.6

Very
Asymmetrical
Symmetrical

2710
822

43.58

46.20* *

A
B

715
563
206

A = 6% QF-1, 152°C, N 2 flow == 30 ml/min.
B = 6% QF-1, 155°C, N 2 flow == 80 ml/min.
C = 6% QF-1, 187oC, N 2 flow== 80 ml!min.
*Not obtained crystalline
**Indicates contamination with some fully heptafluorobutyrylated derivative. Two peaks were observed, the
earlier one being quite symmetrical.

Table IV.

Compound
Benzylamine
a-Methyl Benzylamine
(3-Phenylethylamine

M.P.
oc

...

67-9
88
78-9

Pentafluoropropionyl derivatives.

F Analysis
Theo.
Found
37.55
35.58
35.58

37.20
36.53
34.68

Chrom. R t
Cond. Min.
A

A
A

Sensitivity
mm 2 /10- 9
Peak
moles
Characteristics

2.2
1.9
3.1

Symmetrical
Symmetrical
Symmetrical

229
191
132

2.5
2.5

Asymmetrical
Asymmetrical

0.04
0.16

Acetyl Derivatives

Benzylamine
a-Methyl Benzylamine

56-8*
58-60* *

*M.P. == 60°C. <n>; ** M.P. == 57°C. <u> .
A == 6% QF-1, 152°C, N 2 flow = 30 ml/min.
B = 6% QF-1, 155oC, N 2 flow == 80 ml/min.
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B
B

silicone oil columns.
2) A sample of N-trifluoroacetyl
homoveratrylamine (3,4-dimethyoxy ,8-phenyl ethyl amine) was chroma tographed on a silicone grease
column using an F and M Gas
Chromatograph equipped with hydrogen flame rather than an electron-capture detector. A sharp
single peak of the expected sensitivity was observed.
3) The poor sensitivity toward
the electron-capture detector was
common to all amines tested
whether the amino group was attached to a primary, secondary or
tertiary carbon atom (Table I ).
For 0-monochloroacetyl derivatives, Landowne and Lipsky (7 )
assume electron-capture to be occurring on the carbonyl carbon
atom. The polarity of the carbonyl
group is enhanced by the presence
of the electronegative halogen on
the adjacent carbon atom. Thus,
capture occurs much more readily.
-

..

0

R-0-C CH:!Cl (

>

R-o-fcH..cJ
-+ - e >
_ 19 1
R-0-C-CH:!Cl

-.

They fonnd these derivatives to be
the most sensitive of the ones they
tested toward the electron-capture
detector. But, in the case of Nmonochloroacetyl derivatives of
amines, a resonance form can delocalize the positive charge.

R-~-8-cH 2 Cl <

>

HQ-

R-N-C-CH
-+ 2 Cl < ">
H

o-

R-:N:::::c-cH.,ci

+

-

Thus, the free electron pair of the
nitrogen counteracts the effect of
the halogen group and this may acaconnt for the lowered sensitivity
of these compounds toward this detector. This contention is further
supported by the increased sensitivity of compounds whose amino
group is directly attached to the
benzene ring. Here electron density
on the amino nitrogen is lowered by
the electron withdrawing ability of
the benzene ring. For N-pentafluoropropionamides and N-heptafluorobutyramides, capture can conceivably occur on C #3 or #4 which

is far removed from the effect of
the free electron pair of the nitrogen. The presence of five or seven
halogen atoms may also create positive centers on carbon atoms #2
and or #3, thus, sensitivity is quite
good. If the trifluoroacetyl derivatives capture on the carbonyl carbon atom, the same explanation as
advanced for the monochloroacetyl
derivatives would hold here. In this
connection it was noted in this
study that trifluoroethanol is very
much less sensitive to electron-capture than trifluoroacetic acid. The
CF 3 group by itself does not appear to hold any great advantage
for electron-capture. Its power lies
in enhancing the polarity of an adjacent carbonyl group, yet even this
advantage can be effectively counteracted in the case of amides. However, if Landowne and Lipsky are
correct in maintaining that capture
occurs on C #2, a more complex
explanation would have to be offered
for these observations regarding trifiuoroacety la ted amines.
One important fact that needs
stressing is that the electron-capture detector is extremely sensitive
to 0-trifluoroacetyl derivatives. The
sensitivity for N,O-ditrifluoroacetyl
,8-0H phenyl ethyl amine was 5000
rrun 2 /10- 9 moles and for N,O-ditrifiuoroacetyl tyramine 8110 mm2 /
10- 9 moles operating at the conservative setting of 10-9 amps and
50 volts. Therefore, if the amine to
be determined contains an OH functional group, trifluoroacetylation using method B would be the reaction
of choice.
The similar retention times of
pentafluoropropionylated, heptafluorobutyrylated and trifluoroacetylated amines were previously noted
by Vanden Heuvel et al. ( 1) and
the relatively long retention times
of the monochloroacetates were observed by Landowne and Lipsky
(7 ) .

Several other practical applications of these observations may be
offered. It can be seen that for
amine analysis, pentafluoropropionylated and heptafluorobutyrylated derivatives offer symmetrical
peaks, and good sensitivity using
electron-capture detection. N -monochloroacetyl derivatives because of
their relatively poor sensitivities,
long retention times, and asymmetric peaks are clearly not derivatives of choice. Similar findings

were reported by Rapp and Eik-Nes
(8) using the 0-monochloroacetyl
derivatives of steroids.
Secondly, fully trifluoroacety lated
phenolic amines can be sensitively
assayed for in the presence
of insensitive N -trifluoroacetylated
amines. Finally, hydroxylated
amino acids such as serine, threonine, hydroxylysine, hydroxyproline and tyrosine when fully trifluoroacetylated, may be selectively
assayed despite the presence of
other amino acids.
Investigations into the use of
these acylated derivatives for quantitative assay techniques by G.L.C.
and electron-capture spectroscopy
are now in progress in our laboratory.
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